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Several recent papers have reported low levels of genetic variation in nontransforming, paedomorphic urodeles. Here, we report the results of an electrophoretic survey of 21 allozyme loci in two populations of the Ozark Hellbender, Cryptobranchus alleganiensis, confirming the extraordinarily low levels of genetic variation previously reported in a different laboratory. We then summarize the literature on 102 species of salamanders to compare genetic variation in transforming and non-transforming taxa. On average, non-transforming salamanders are significantly less variable than transforming ones, supporting the idea that low levels of allozyme variation in Cryptobranchus are associated with larval reproduction. We interpret this association between life history mode and genetic variation as reflecting a fundamental difference in levels of population extinction and recolonization between aquatic and terrestrial species. (1977) is that there should be a reasonably strong correlation between life history variation (that is, metamorphosis vs larval reproduction) and genetic variation. However, the relationship between life history pattern and genetic variation has never been evaluated systematically.
In this paper, we first report the results of a reexamination of genetic variation in two additional populations of the hellbender, C. Because these specimens are part of a longterm mark and recapture study (Peterson et al., 1983), animals were not sacrified. Instead, they were anesthetized and a small (approx. 1 cms) piece of muscle was removed from the tail. Each individual was measured, sexed, marked with a permanent heat brand, and released. Tissue samples were frozen in liquid nitrogen until they were returned to the lab, at which time they were stored at -80 C until electrophoresis. To examine this issue, we conducted a literature survey of salamander electrophoretic studies, and recorded (or computed) H and P for 102 species from 19 genera and six families of urodeles. We have tried to be comprehensive and use all literature values as long as: 1) both polyallelic and monoallelic loci were recorded; 2) the animals were derived from field samples; and 3) in studies where more than one population was available, populations were recorded This is a combined value of Dicamptodon ensatus and D. aterrimus, because the latter has not been in common usage. These are currently being described as three species of Rhyacotriton, and so are considered as three species (Good, pers. comm.). The results are presented in Table 1 , and summarized graphically in Figure 1 . To assess the relationship between genetic variation and metamorphic pattern, we conducted a MannWhitney U test on the ranks of each species for both H and P. Both are significantly correlated with metamorphosis (for H: U = 704, z = 2.63, P < 0.0044; for P: U = 806, z = 3.29, P < 0.0007; both 1-tailed tests). Salamander species which fail to metamorphose are, on average, far less genetically variable than those with terrestrial adults.
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In A possible objection to this analysis is that we are not justified in treating each species as an independent sample, because degree of phylogenetic relationship may influence patterns of metamorphosis and genetic variation (Felsenstein, 1985) . Within the Ambystomatidae, Shaffer (1984) argued that most, and perhaps all, of the Mexican non-transforming populations were independently derived from transforming or polymorphic progenitors. This suggests that larval reproduction is an extremely labile character, at least in ambystomatids, and it is reasonable to consider each occurrence as an independent evolutionary event. However, it may be inappropriate to consider all species as independent sampling units for the three species of Nectarus reported by Ashton and Braswell (1980), because the validity of at least one species, N. lewisi, has been questioned. If all three species of Necturus are averaged into a single value, the relationship between H (P < 0.029) and P (P < 0.0039) and metamorphic pattern still holds.
Within families, the association of larval reproduction with reduced genetic variation may hold, although differences among families in overall levels of variability and the relatively Unfortunately, both of these hypotheses make similar predictions concerning the relationship between metamorphic failure and genetic variation. If either interpretation is correct, they predict that other non-transforming salamanders should have relatively low levels of genetic variation; we are currently testing this prediction in a group of populations of A. tigrinum in eastern Puebla, Mexico. To distinguish among these hypotheses requires additional data on larval growth rates and levels of repetitive DNA that are not currently available. However, an interpretation similar to that suggested here has been used to explain the relationship between movement patterns and electrophoretically detectable variation for anurans (Inger et al., 1974) and large mammals (Sage and Wolff, 1986), and may underlie the variation seen in many taxa with different patterns of migration and mating structures (Maruyama and Kimura, 1980). The traditional view of variation in metamorphic completion is that larval reproduction represents an evolutionary response to harsh terrestrial environmental conditions: metamorphic failure represents one way in which salamanders may remain in predator free aquatic habitats and avoid the physiological rigors of xeric terrestrial conditions (Wilbur and Collins, 1973; Sprules, 1974). Our results suggest that this response to proximate, ecological conditions has, on average, the population genetic consequences of reduced genetic variation due to frequent extinction and recolonization by small founding groups. Because the relationship is a statistical association rather than a causal mechanistic one, we expect that not all populations will show reduced genetic variation when larval reproduction becomes fixed. However, on average, the relationship should hold, and this may genetically constrain the evolutionary potential of non-transforming populations.
